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This invention discloses a system and method for testing a 
plurality of state retention circuits in an integrated circuit (IC) 
chip, that comprises a built-in test circuit con?gured to invoke 
a clock, a save and a restore signal, and a plurality of serially 
connected data latches receiving the clock, save and restore 
signals, Wherein each data latch employs one of the plurality 
of state retention circuits, Wherein the plurality of data latches 

Manufacturing C0“J Ltd_ save their existing data in their corresponding state retention 
circuits upon an‘ assertion of the save signal‘, restore the data 

<21> izilszsiilsnsisgasza?itzrgs5332313251152;2x11136332 
signal, and shifting the existing data along the series of the 

(22) Filed: Nov. 10, 2006 data latches one latch a cycle of the clock signal. 
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SYSTEM AND METHOD FOR TESTING 
STATE RETENTION CIRCUITS 

BACKGROUND 

[0001] The present invention relates generally to integrated 
circuit (IC) design, and, more particularly, to power supply 
management for IC memory devices. 
[0002] A need for loW poWer electronics has been driven by 
portable applications, packing density of ICs and conserva 
tion of energy. Particularly in portable applications, one Way 
to reduce poWer consumption and enhance battery life is to 
shut off most of the circuits in an IC chip during a sleep mode 
except those that hold data for subsequent Wake-up opera 
tions. 
[0003] FIG. 1 is a schematic diagram illustrating a data 
latch 100 that preserves data during a sleep mode. The data 
latch 100 comprises a master and slave latch, 110 and 120, 
respectively, and a balloon latch 130 coupled to a storage 
node 115 betWeen the master latch 110 and the slave latch 
120. Both the master latch 110 and the slave latch 120 are 
made of loW threshold (Vt) transistors for high speed opera 
tion. But a side effect of loW Vt is a high leakage current. 
Besides, since the slave latch 120 need to drive circuits 
coupled to its DOUT node, its device siZes have to be large to 
meet its driving requirement. The loW Vt and large device 
siZes all contribute to high leakage current in the master latch 
110 and the slave latch 120. In order to reduce poWer con 
sumption during a sleep mode, poWer supplies to them are 
both shut off. During this time, the data stored in node 115 has 
already been transferred and stored in the balloon latch 130. 
The balloon latch 130 is made of high Vt devices With mod 
erate siZes, as it only needs to drive the slave latch 120. PoWer 
supply to the balloon latch 130 is alWays on so that the data 
stored in it may be preserved. Upon the IC chip entering the 
Wake-up mode, a RESTORE signal Will let the data stored in 
the balloon latch 130 be Written back into the storage node 
115. The balloon latch 130 serves as a state retention circuit 
for the data latch 100. 
[0004] FIG. 2 is an implementation of the balloon latch 130 
With tWo cross-coupled inverters 210 and 220 store data at a 
node 215. A complementary metal-oxide-semiconductor 
(CMOS) transmission gate 230 along With an inverter 240 
controls the access to node 215. When the SAVE signal is 
asserted to a logic HIGH state, the transmission gate 230 Will 
be on and data at node 115 may be Written to node 215, or vice 
versa. 

[0005] Since the SAVE and RESTORE signals are gener 
ated inside the IC chip, conventional automatic test pattern 
generation (ATPG) methods cannot access and invoke them, 
so that the conventional ATPG method cannot test the state 
retention circuit, i.e., the balloon latch 130. As such, What is 
needed are a built-in circuit and corresponding testing meth 
odology that invoke the save and restore functions of the state 
retention circuit and Writes in as Well as reads out test patterns 
for testing them. 

SUMMARY 

[0006] This invention discloses a system and method for 
testing a plurality of state retention circuits in an integrated 
circuit (IC) chip. According to one aspect of the present 
invention, the system comprises a built-in test circuit con?g 
ured to invoke a clock, a save and a restore signal, and a 
plurality of serially connected data latches receiving the 
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clock, save and restore signals, Wherein each data latch 
employs one of the plurality of state retention circuits, 
Wherein the plurality of data latches save their existing data in 
their corresponding state retention circuits upon an assertion 
of the save signal, restore the data from the plurality of state 
retention circuits back to their corresponding data latches 
upon an assertion of the restore signal, and shifting the exist 
ing data along the series of the data latches one latch a cycle 
of the clock signal. 
[0007] According to another aspect of the present inven 
tion, the method comprising folloWing sequential steps: shift 
ing a ?rst test pattern into a plurality of serially connected data 
latches, Wherein each data latch employs one of the plurality 
of state retention circuits, saving the ?rst test pattern in the 
plurality of data latches to their corresponding state retention 
circuits, entering a sleep mode, Wherein poWer supplies to the 
plurality of data latches is shut off While to the plurality of 
state retention circuits remain, exiting the sleep mode 
Wherein the poWer supplies are restored, shifting a second test 
pattern into the plurality of data latches, Wherein the second 
test pattern is complementary to the ?rst test pattern, restoring 
the ?rst test pattern saved in the plurality of state retention 
circuits back into the plurality of data latches, obtaining a 
third test pattern by shifting out the data from the plurality of 
data latches, and comparing the third test pattern With the ?rst 
test pattern, Wherein if the tWo test patterns matches, the 
plurality of state retention circuits passes a test, otherWise it 
fails. 
[0008] The construction and method of operation of the 
invention, hoWever, together With additional objectives and 
advantages thereof Will be best understood from the folloW 
ing description of speci?c embodiments When read in con 
nection With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] The draWings accompanying and forming part of 
this speci?cation are included to depict certain aspects of the 
invention. A clearer conception of the invention, and of the 
components and operation of systems provided With the 
invention, Will become more readily apparent by referring to 
the exemplary, and therefore non-limiting, embodiments 
illustrated in the draWings, Wherein like reference numbers (if 
they occur in more than one vieW) designate the same ele 
ments. The invention may be better understood by reference 
to one or more of these draWings in combination With the 
description presented herein. It should be noted that the fea 
tures illustrated in the draWings are not necessarily draWn to 
scale. 
[0010] FIG. 1 is a schematic diagram illustrating a data 
latch that preserves data during a sleep mode. 
[0011] FIG. 2 is an implementation of a balloon latch. 
[0012] FIG. 3 is a schematic diagram illustrating a state 
retention circuit testing system according to one embodiment 
of the present invention. 
[0013] FIG. 4 is a How chart illustrating a method for testing 
state retention circuits according to the embodiment of the 
present invention. 

DESCRIPTION 

[0014] The present invention discloses system and method 
for testing state retention circuit in an integrated circuit (IC) 
chip. 
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[0015] FIGS. 1 and 2 have already been described and 
discussed as the relevant background to the present invention. 
They require no further discussion here. 
[0016] FIG. 3 is a schematic diagram illustrating a system 
300 for testing state retention circuit according to one 
embodiment of the present invention. The testing system 300 
comprises blocks 310,320,330 and 334, as Well as a plurality 
of serially connected data latches 110[0:n] under test. The 
block 310 may be implemented as a signal generator having a 
clock generator 312, a poWer management unit 314 and a test 
mode controller 316, and combined they generate signals 
CLK, SAVE, SLEEP, RESTORE, SRT. The block 320 may be 
implemented as a data generator for supplying a series of 
predetermined data for the testing. The block 330 may be 
implemented as a data comparator for comparing the data 
supplied by the data generator 330 With data shifted out from 
the data latches 110[0:n] during the testing. Comparison 
results are sent to a test access port (TAP, not shoWn) forbeing 
accessed by a tester outside of the chip. Conventionally, TAP 
designs folloW IEEE standards, and are often designed in the 
chip for testing other parts of the chip. The state retention 
testing results are simply added to the inputs of the TAP, and 
during the state retention testing, the TAP serves as an access 
port for the state retention testing result. 
[0017] Referring to FIG. 3, the block 340 may be imple 
mented as a multiplexer for selecting betWeen a SCAN_IN 
signal and the data supplied by the data generator 320, i.e., a 
test pattern can either be supplied by an outside tester or be 
supplied by the data generator 320. In case the test pattern is 
supplied by the data generator 320, that same test pattern is 
also passed to the data comparator 330 for being compared 
With the data shifted out from the data latches 100[0:n]. In 
case the test pattern is supplied by the outside tester, that test 
pattern is also stored by the outside tester for comparing With 
the data shifted out from the data latches 100[0:n]. In this 
case, the shifted-out data is sent to the TAP directly at node 
SCAN_OUT Without going through the data comparator 33 0. 
[0018] Referring to FIG. 3, an output of the multiplexer 340 
is coupled to an input of a ?rst data latch 100[0] in the series 
oflatches 100[0:n]. An output ofthe ?rst latch 100[0] is then 
coupled to an input of a second latch 100[2], and so on and so 
forth, until the last latch 100[n] is reached. The CLK signal is 
a special clock signal for synchronizing and shifting the data 
latches 100[0:n] during the test mode operation. It may be 
different from the chip main clock signals. In every CLK 
cycle data stored in the data latches 100[0:n] shift from top to 
bottom by one latch, i.e., data in the data latch 100[0] Will be 
shifted to data latch 100[1], data in data latch 100[n-1] data 
Will be shifted to the data latch 100[n], and data in data latch 
100[n] Will be shifted out to either data comparator 330 or 
directly to the TAP. Data stored in the data latches 100[0:n] 
Will be shifted out one by one, and after n+1 number of 
cycles, all of them Will be shifted out. 
[0019] Referring to FIG. 3, upon an assertion of the Save 
signal, data stored in the data latches 100[0:n] Will be Written 
into their corresponding state retention circuit 130 shoWn in 
FIG. 3. An asserting of the SLEEP signal sWitches off poWer 
supplies to the main circuits, except the state retention circuit 
When the chip is about to enter a sleep mode. When the testing 
system 300 leaving the sleeping mode, an assertion of the 
RESTORE signal restores the data stored in the state retention 
latches 130 back to their corresponding data latches. The SRT 
signal is coupled to the blocks 320, 330 and 340 to control 
them to response to the test mode. For instance, When the 
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testing system 300 enters the testing mode, The SRT signal is 
asserted, Which Will activate the data generator 320 to gener 
ate a predetermined test pattern. 
[0020] FIG. 4 is a How chart illustrating a method 400 for 
testing state retention circuits according to the embodiment of 
the present invention. Referring to both FIGS. 3 and 4, after 
entering a test mode in step 410, an outside tester or the data 
generator 320 shifts a logic HIGH state or “1” into all the data 
latches 100[0:n] in step 420. Then the SAVE signal is asserted 
to save the “1” into the state retention latches corresponding 
to the data latches 100[0:n]. In step 440, the chip enters a sleep 
mode. Subsequently, it exits the sleep mode in step 450. Then 
the outside tester or the data generator 320 shifts a logic LOW 
state or “0” into all the data latches 100[0:n] in step 460. In 
step 470, the RESTORE signal is asserted to restore the “l” 
stored in the state retention latches back to their correspond 
ing data latches 100[0:n]. Then the restored data is shifted out 
in step 480. If any “0” is detected in step 490, then that “0” 
corresponded state retention latch has failed to store or restore 
“1”. 
[0021] Although the embodiment uses only all “1” as a test 
pattern, one having skill in the art Would appreciate that other 
test patterns may also achieve the goal of testing data reten 
tion latches. For instance, one case involves ?rst shifting in all 
“0”, and then overWriting it With all “1”. In another case, the 
test pattern may be arbitrary, as long as the overWritten test 
patter complementary to it, and the outside tester has knoWl 
edge about the test pattern. 
[0022] The above illustration provides many different 
embodiments or embodiments for implementing different 
features of the invention. Speci?c embodiments of compo 
nents and processes are described to help clarify the inven 
tion. These are, of course, merely embodiments and are not 
intended to limit the invention from that described in the 
claims. 
[0023] Although the invention is illustrated and described 
herein as embodied in one or more speci?c examples, it is 
nevertheless not intended to be limited to the details shoWn, 
since various modi?cations and structural changes may be 
made therein Without departing from the spirit of the inven 
tion and Within the scope and range of equivalents of the 
claims. Accordingly, it is appropriate that the appended 
claims be construed broadly and in a manner consistent With 
the scope of the invention, as set forth in the folloWing claims. 

What is claimed is: 
1. A system for testing a plurality of state retention circuits 

in an integrated circuit (IC) chip, the system comprising: 
a built-in test circuit con?gured to invoke a clock, a save 

and a restore signal; and 
a plurality of serially connected data latches receiving the 

clock, save and restore signals, Wherein each data latch 
employs one of the plurality of state retention circuits, 

Wherein the plurality of data latches save their existing data 
in their corresponding state retention circuits upon an 
assertion of the save signal, restore the data from the 
plurality of state retention circuits back to their corre 
sponding data latches upon an assertion of the restore 
signal, and shifting the existing data along the series of 
the data latches one latch a cycle of the clock signal. 

2. The system of claim 1, Wherein the built-in test circuit 
comprises a clock generator for generating the clock signal. 

3. The system of claim 1, Wherein the built-in test circuit 
comprises a poWer management unit for invoking a sleep 
mode in the IC chip. 
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4. The system of claim 1, wherein the built-in test circuit 
comprises a test mode controller for coordinating the built-in 
test circuit With existing functional circuits in the IC chip. 

5. The system of claim 1, Wherein the data latch comprises 
a master and a slave latch. 

6. The system of claim 1, Wherein the state retention circuit 
comprises a balloon latch and a transmission gate. 

7. The system of claim 1 further comprising: 
a data generator for generating one or more predetermined 

test patterns; and 
a data comparator for comparing the data generated by the 

data generator With data shifted out from the plurality of 
data latches, 

Wherein an output of the data generator is coupled to an 
input of a ?rst data latch at a ?rst end of the plurality of 
data latches, and an output of a second data latch at a 
second end of the plurality of data latches is coupled to 
an input of the data comparator. 

8. The system of claim 7 further comprising a multiplexer 
coupled betWeen the data generator and the input of the ?rst 
data latch for selecting betWeen the output from the data 
generator and scanned in data from an outside tester. 

9. A system for testing a plurality of state retention circuits 
in an integrated circuit (IC) chip, the system comprising: 

a clock generator con?gured to generate a clock signal; 
a poWer management unit con?gured to invoke a sleep 
mode in the IC chip; 

a test mode controller con?gured to invoke a save and a 
restore signal; and 

a plurality of serially connected data latches receiving the 
clock, save and restore signals, Wherein each data latch 
employs one of the plurality of state retention circuits, 

Wherein the plurality of data latches save their existing data 
in their corresponding state retention circuits upon an 
assertion of the save signal, restore the data from the 
plurality of state retention circuits back to their corre 
sponding data latches upon an assertion of the restore 
signal, and shifting the existing data along the series of 
the data latches one latch a cycle of the clock signal. 

10. The system of claim 9, Wherein the data latch comprises 
a master and a slave latch. 

11. The system of claim 9, Wherein the state retention 
circuit comprises a balloon latch and a transmission gate. 

12. The system of claim 9 further comprising: 
a data generator for generating one or more predetermined 

test patterns; and 
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a data comparator for comparing the data generated by the 
data generator With data shifted out from the plurality of 
data latches, 

Wherein an output of the data generator is coupled to an 
input of a ?rst data latch at a ?rst end of the plurality of 
data latches, and an output of a second data latch at a 
second end of the plurality of data latches is coupled to 
an input of the data comparator. 

13. The system of claim 12 further comprising a multi 
plexer coupled betWeen the data generator and the input of the 
?rst data latch for selecting betWeen the output from the data 
generator and scanned in data from an outside tester. 

14. A method for testing a plurality of state retention cir 
cuits in an IC chip, the method comprising folloWing sequen 
tial steps: 

shifting a ?rst test pattern into a plurality of serially con 
nected data latches, Wherein each data latch employs one 
of the plurality of state retention circuits; 

saving the ?rst test pattern in the plurality of data latches to 
their corresponding state retention circuits; 

entering a sleep mode, Wherein poWer supplies to the plu 
rality of data latches is shut off While to the plurality of 
state retention circuits remain; 

exiting the sleep mode Wherein the poWer supplies are 
restored; 

shifting a second test pattern into the plurality of data 
latches, Wherein the second test pattern is complemen 
tary to the ?rst test pattern; 

restoring the ?rst test pattern saved in the plurality of state 
retention circuits back into the plurality of data latches; 

obtaining a third test pattern by shifting out the data from 
the plurality of data latches; and 

comparing the third test pattern With the ?rst test pattern, 
Wherein if the tWo test patterns matches, the plurality of 
state retention circuits passes a test, otherWise it fails. 

15. The method of claim 14, Wherein the ?rst test pattern 
comprises all logic HlGHs and the second test pattern com 
prises all logic LOWs. 

16. The method of claim 14, Wherein the ?rst test pattern 
comprises all logic LOWs and the second test pattern com 
prises all logic HlGHs. 

17. The method of claim 14, Wherein the state retention 
circuit comprises a balloon latch and a transmission gate. 

18. The method of claim 14, Wherein the ?rst and second 
test patterns are generated by one or more data generators 
built in the IC chip. 

19. The method of claim 14, Wherein the comparing the 
?rst test pattern With the third test pattern is implemented in a 
data comparator built in the IC chip. 

* * * * * 


